INTRODUCTION
Since the 1992 implementation of an organised trauma system in the province of Quebec: The Trauma Care Continuum (TCC), mortality rate for victims of a severe trauma in Quebec has decreased from 52% to 8.6%. 1 However, the TCC is organised in such a way that certain areas of the province, mainly rural, remain at a significant distance from regional/provincial trauma centres. Approximately one half of the rural emergency departments (EDs) in Quebec are over 300 km from a tertiary or secondary traumatology centre, and our data indicate that access to diagnostic support services, such as intensive care units (ICU) and CT scanner is often limited in rural areas. [2] [3] [4] [5] Strengths and limitations of this study ▪ This is the first study examining trauma care in rural Canada, in particular, the province of Quebec. ▪ In the short term, our results will generate empirical data that will draw a portrait of trauma cases treated in rural emergency departments (EDs); document inequalities and the impact of variability in rural ED and urban trauma care. ▪ The study will allow us to evaluate the effectiveness of the trauma care continuum for the rural population in Quebec. ▪ Our results will justify implementation of a new strategy promoting rapid care for rural trauma victims. ▪ We expect that current clinical databases may not capture all trauma victims in rural areas, particularly those who are treated in a nondesignated trauma centre.
Furthermore, poor road conditions and an elevated rate of high-risk activities (eg, farming) increase the incidence of trauma in rural areas. 6 7 No specific data are available on the effectiveness of the TCC for the rural population in Quebec. Data from elsewhere in Canada suggest that, for similar injuries, the mortality rate is twice as high for rural trauma victims than for urban victims. 8 This finding is hypothesised to be attributable to rural medical personnel's limited exposure to trauma, delays in reporting trauma, limited access to trauma centres, lenghty ambulance transports and limited in-hospital resources. [8] [9] [10] [11] [12] In Quebec, rural EDs receive over 500 000 visits per year, and a significant proportion of consultations are trauma related. 3 Ultimately, the effectiveness of the TCC cannot be ascertained until rural and urban patients in Quebec are receiving a same quality treatment for traumatic injuries. Identification of adaptable factors that explain variation across establishments constitutes a further critical step in developing potential organisational solutions. This project is designed to establish the status of treatment for traumatic injuries in rural and urban Quebec, and to evaluate the contribution of rural EDs toward optimising the TCC.
Trauma and trauma care practices
On a global scale, trauma is a major public health issue. 13 14 In 2004, approximately 1 million individuals consulted EDs subsequent to a traumatic injury, and over 200 000 were hospitalised. 15 Despite improvement in trauma care and services, trauma remains the primary cause of death in individuals under 40 years of age in Canada. 16 Trauma care has considerably improved over the past 40 years, with the establishment of new trauma networks, including hospitals (trauma centres) that offer complete access to diagnostic and technological services, and to ultraspecialised medical and surgical care. 17 18 Although the overall efficacy of trauma networks has been demonstrated, experts agree that existing systems are not conducive to effective care in rural or isolated areas, particularly in Canada. [17] [18] [19] [20] [21] In Canada, over 7 million citizens (22.5% of the population), primarily rural, live over an hour's drive away from a trauma centre. 17 The 'Golden Hour' principle proposes that trauma victims with rapid access to a trauma centre have a greater chance of survival. 22 Shortcomings in existing studies of rural trauma care Although 19% of Quebeckers and Canadians live in rural areas, 23 and rural citizens have an elevated rate of mortality subsequent to trauma, 21 24 there remains a lack of empirical data on rural trauma care. The majority of published studies on rural trauma care were conducted in the USA, and the results are not necessarily applicable in Canada. The two countries differ significantly in terms of population density, 17 healthcare system, prehospital care systems, access to human and technological resources in hospitals 18 and training of emergency physicians. 25 Since 2010, the Research Chair in Emergency Medicine at Laval University/Hotel-Dieu de Lévis has been collaborating with interdisciplinary and interuniversity researchers to improve the quality of care in rural EDs in Canada. The team recently completed two large-scale studies describing the services offered in the 26 rural EDs in Quebec and 325 rural EDs in Canada. 2 3 5 26 27 The results indicate that rural EDs have limited access to certain services, as well as to diagnostic equipment (ICU, CT scanner, etc) and medical specialists (general surgeons, intensivists, anaesthesiologists, etc). 2 3 5 27 Our results suggest that many professionals report the need for supplementary training in emergency medicine/traumatology, and that many doctors practising in rural areas contemplate leaving rural regions in search of a less demanding practice. 28 The logical next step in our research programme is to draw a detailed portrait of trauma care in rural EDs in Quebec and explore the feasibility of the existing proposed solutions; next, further potential solutions will be developed once the present situation and current needs have been established.
Solutions for improving trauma care in rural areas
Given unavoidable distances between trauma centres and the urgent nature of trauma treatment, improving rural traumatology requires quality trauma care in rural EDs, and optimisation of emergency prehospital services (PHS).
The waiting period creates delays in treatment and negatively influences clinical prognosis. 29 The necessity of extended clinical investigation and delays in organising transfers has been challenged, and some researchers have rightfully suggested that trauma victims would benefit from direct transportation from trauma site to trauma centre. Experts from the Quebec Institute for Excellence in Health and Social Services (INESSS) are exploring the possibility of promoting direct transfer of trauma patients to tertiary or secondary care centres, avoiding small rural EDs altogether. 30 INESSS recommends a maximum of 45 min (or 75 km) for direct transfers. 30 According to our data, 96% and 88% of rural EDs in Quebec are over 75 km from tertiary and secondary trauma care centres, respectively. Given this finding, the possibility of bypassing rural EDs warrants further exploration.
Telemedicine support for interestablishment transfers Safe, rapid transfer to trauma centres is essential for victims of serious injuries who are initially stabilised in rural EDs. The practice of interestablishment transfer from rural EDs to tertiary care centres in Quebec has not been studied. A clear portrait of the status quo will highlight any necessary adaptations to this critical link in the trauma care chain. For example, the limited medical personnel in rural areas creates a challenge for the proposed solution of medical escorts during transfers. A telemedicine programme in the receiving trauma centre could constitute a viable solution for supporting ambulance and nursing staff during transfers. 31 Improving trauma care in rural EDs Several solutions have been proposed for improving care for trauma victims in rural EDs. They include re-evaluating resource attribution, use of new technology, and implementation of novel training programmes for personnel. The lack of resources in rural areas necessitates an elevated rate of interestablishment transfers 32 33 creating significant strain on PHS and negatively impacting care. Variables for consideration in service attribution decisions include number of consultations in the given ED, severity of medical and trauma cases, distance from a trauma centre, current number of required transfers, and the needs of citizens and professionals in the rural areas.
Use of new technology
Use of new technology such as Point-Of-Care Ultrasound (POCUS) can significantly improve the quality of trauma care in rural regions. 34 Given limited access to advanced imaging technology (CT scanner and MRI) in rural EDs, POCUS could constitute one solution for improving quality of care. 34 POCUS can be used by nonradiologists, and facilitates rapid and safe evaluation of potentially fatal conditions, as well as several non-fatal medical and obstetrical conditions.
OBJECTIVES
This project is designed to improve the quality of trauma care in rural EDs in Quebec. The primary objectives of the project are to: ▸ Draw a portrait of trauma services in rural EDs. ▸ Explore geographical variations in trauma care in Quebec. ▸ Identify adaptable factors that could reduce variation across establishments. ▸ Establish consensus solutions for improving the quality of care.
METHODS AND ANALYSIS
The study will take place from April 2016 to April 2019. A mixed methodology will be used (qualitative and quantitative). The project will be a multicentre study in rural EDs and tertiary and secondary trauma care centres in Quebec. In a previously conducted pilot study, rural EDs were identified using the Health Canada Establishment Guide. 26 They offer 24/7 medical care, have hospital beds, and are situated in rural and small towns as per the Statistics Canada definition ( population >10 000 and population density <400/km 2 or population <10 000 and population density >400/km 2 or population <10 000 and population density <400/km 2 ). Rural communities in Quebec were identified using Statistics Canada criteria. The sample will be composed of data from all trauma victims treated in the 26 rural EDs in Quebec (including primary care centres), and from all victims treated in the 3 tertiary care centres for adults, 3 paediatric tertiary care centres, 4 regional secondary care centres and 22 secondary care centres.
Phase 1: generate a portrait of trauma care in rural EDs and explore geographical variations in trauma services in Quebec (objectives 1 and 2) Data sources To meet objectives 1 and 2, data from 2009 to 2013 will be collected from the Ministry's Database of the Quebec Trauma Registry Information System (BDM-SIRTQ), and from data collected in our previous project. 26 The BDM-SIRTQ contains all information on victims of a traumatic event causing injury, victims who died on arrival at the ED or during ED stay, and victims who were hospitalised in a designated trauma centre in Quebec. 35 The data collected in our project on Quebec's rural EDs includes information on the hospital, the ED, prehospital emergency services and interestablishment transfers.
Portrait of trauma in rural EDs (objective 1)
Data from patients treated in rural as well as well as those treated in tertiary or secondary care centres will be used to describe patient and service characteristics. The data will focus on (1) traumatic event data (eg, age and gender, injured area of the body, date and time of the traumatic event, cause of trauma, emergency service response code (eg, dead on arrival, death during transportation, living), the prehospital trauma index score (PTI), the Injury Severity Score (ISS), etc); (2) injury data (eg, injury code, Abbreviated Injury Scale (AIS) score, and diagnosis code from 1 to 5 (code indicating the traumatic injury according to the International Classification of Diseases); (3) Hospital stay data (eg, sequential trauma score, stay number, type of stay, source of trauma, etc); (4) treatment data (eg, treatment code (this field specifies the code of medical interventions or medical treatments that are performed medically and/or surgically in the emergency department and/or a facility admission), diagnosis and surgery during ED stay, etc).
Exploration of geographical variation in trauma care in Quebec (objective 2)
The second objective of the project is to explore geographical variation in trauma care in Quebec and to identify inequalities between rural and urban areas. BDM-SIRTQ data will be combined with data collected in our project on Quebec's rural EDs.
We will evaluate the variation in services (EDs resources, staff compliment); we will compare the mortality rate among patients treated in rural EDs versus those treated in urban centres. Data will focus on the number of deaths during ED stay, access to specialists, intensive care, medical imaging, and so on. To explore geographical variation in trauma care in Quebec, we will compare the prehospital mortality among rural versus urban patients. We will capture data on the number of prehospital deaths, mode of patient's transport (eg, air plan, ambulance, helicopter, etc), the prehospital time, and so on.
Phase 2: identify adaptable factors that could reduce variations across geographical regions and establish a consensus among partners regarding solutions for improving the quality of trauma care (objectives 3 and 4) Delphi study This phase of the project will use the Delphi method to develop consensus solutions for improving the quality of trauma care in rural regions. The Delphi method is an effective method for reaching consensus on a specific theme. 36 37 It was chosen because it 'is the method of choice in emergency medicine/trauma, and has been demonstrated to be effective for establishing expert consensus. 38 39 The method is based on a structured process involving the development of successive iterations of a questionnaire and feedback on the responses received for each iteration. Number of iterations depends on the rapidity with which consensus is reached. The threshold for consensus in the present study will be 80%, as established in the literature in this area. 40 Delphi participant recruitment and inclusion criteria The first step in the Delphi method is identification and recruitment of experts interested in trauma care in rural regions, and who are prepared to commit to the process. The principle of international (deliberate) sampling will be used to select participants. 41 42 Participant selection is designed to include the widest possible range of experts and to obtain the broadest scope of information. [43] [44] [45] Experts will be chosen based on contribution to the field of traumatology, with the objective of creating a team with a wide variation in expertise and experience. The experts included in the study will include ED physicians, nurses, neurosurgeons, general surgeons and intensivists in tertiary and secondary trauma care centres, as well as physicians practising in rural EDs. Specialists in PHS, telemedicine, simulation-based learning and POCUS will be invited to participate. Representatives from the Quebec association of ED Physicians, the Canadian Association of Emergency Physicians, and the College of Physicians of Quebec will be invited to participate in this step of the study.
Delphi data collection
Given constraints on participants' time, the present study will collect data using LimeSurvey, an online programme recommended by the Laval University ethics committee for research with human subjects. To avoid loss of motivation, participants will be given a limit of 2 weeks to complete the questionnaires.
First iteration: Questionnaire 1
The first questionnaire will incorporate the key elements that emerged from our analyses for Objectives 1 and 2; data from consultations with professionals in rural EDs; data from existing North American literature on improving trauma care in rural regions; reports produced by INESSS; data from consultations with specialists in the Quebec trauma care network; and data from consultations with specialists in PHS experts, telemedicine, POCUS, and simulation-based learning. The questionnaire will be subject to a pilot test to verify content and format. The first questionnaire will consist of open-ended questions based on our existing knowledge. Four primary themes will be addressed: improving PHS (including optimising interestablishment transfers), improving access to ED services, use and implementation of new technology, and physician continuing education. Participants will be asked to list potential solutions for improving trauma care in rural regions, and to include brief written comments for each proposed solution.
Second iteration: Questionnaire 2
The responses from the first version of the questionnaire will be compiled and analysed. Statistics professionals will use Nvivo software to conduct qualitative analysis and to organise proposed solutions by theme. The themes are expected to be consistent with the four primary themes described above, and new themes may also emerge. A second online questionnaire will be developed based on the themes from the first questionnaire. The second questionnaire will be sent to participants; they will be asked to comment on each proposed solution, and to use a 5-point Likert scale to identify the most relevant of the proposed solutions for the established priorities.
Third iteration: Questionnaire 3
The responses from the second questionnaire will be compiled and analysed to identify convergent and divergent points for each theme. A third questionnaire will be developed and sent to participants. In this round, each participant will receive the priority score for each solution averaged across all participants, as well as a reminder of his or her initial position. Participants will cast a final vote on the retained solutions, judging each solution as 'nonrelevant', 'somewhat relevant', 'relevant' or 'very relevant'. Although the Delphi method is usually complete after a third iteration, the present study will continue to collect data in the event of non-consensus after the third round.
Statistical analyses
The statistical analyses will be conducted by the statistics consultation service at Laval University. A professional on qualitative data will conduct the qualitative analyses. Descriptive statistics (mean, median, percentages, according to distribution of variables) will be presented to meet the objective 1.
To meet objective 2, a Poisson regression analysis will compare the rate of mortality during hospital stay between 2009 and 2013 for trauma victims treated in rural EDs, and trauma victims treated in trauma centres. The dependent variable will be the number of deaths during ED stay, with total number of trauma victims as the offset. Trauma victims treated in secondary and tertiary care centres subsequent to transfer from a rural region will constitute the 'rural region' group. Potential explanatory variables will include average case severity, average patient age, patient gender, availability of local resources (specialists, intensive care, medical imaging), characteristics of the rural ED (visits per year, number of stretchers, number of intensive care beds), average stay at ICU, average duration of hospital stay and average duration of stay in rehabilitation. Selection of explanatory variables was based on the existing literature in this area. 7 10 46 47 A propensity score will be calculated to control for confounding factors. A propensity score promotes greater statistical precision by significantly reducing sources of bias. 48 Where death on ED arrival is concerned, we will closely explore variables associated with the links in the chain of intervention in prehospital emergency care. A Poisson regression model will be used to compare rate of death on ED arrival. Explanatory variables will include date and time of the trauma, transport time, and distance between rural ED and trauma centre. The relationship between these variables and prehospital mortality has been demonstrated elsewhere. 49 The data collected as part of the phase 2 will be compiled and analysed. Average scores, as well as average 95% CI, will be calculated for each iteration of the questionnaire. IQR will be used as a statistical dispersion measure to evaluate the strength of the consensus. 36 
ETHICS AND DISSEMINATION
This project required ethics evaluation through a multicentre study mechanism described below. In the new law of the province of Québec, a study that is conducted in several centres must be evaluated by a main research centre ethics committee (main REC), which is normally the REC that belongs to the research centre where the project is initiated. Therefore, the project is not evaluated by the REC of each study site. The project has been approved by CSSS Alphonse-Desjardins research ethics committee (Project MP-HDL-2016-003). The results will be published in peer-reviewed scientific journals.
DISCUSSION AND EXPECTED RESULTS
The TCC was established to improve the quality of trauma care for Quebec citizens. However, the effectiveness of the system for the province's rural population is unknown. Our project constitutes a significant step in a novel and innovative research programme on rural trauma care. The research team includes experts in rural medicine, emergency medicine, traumatology, healthcare systems management and knowledge transfer.
Victims of severe trauma require rapid care and transfer to an appropriate treatment centre within a reasonable delay. 10 47 The process entails considerable costs, and exposes trauma victims to the risks inherent in interestablishment transfers. Our project will present a detailed portrait of trauma cases treated in rural EDs, and of the quality of care offered. It will improve our understanding of the use of EDs by trauma victims in rural regions. Increased information about the rationales for transfers will help us determine whether or not rural EDs, and the existing trauma care system, respond adequately to the needs of the rural population. In illuminating this issue, our project will have an immediate and significant impact on rural trauma victims.
We expect to discover significant disparities between the quality of care in rural and urban regions. We further expect that our results will justify implementation of a new strategy promoting rapid care for rural trauma victims. The potential solutions generated by this project will address the needs of citizens, professionals and policymakers in Quebec's rural areas and will constitute a critical step in improving trauma care for this vulnerable population. Finally, we expect that the relationships we developed with partners outside of Quebec over the course of our prior study of rural EDs in Canada will inspire future pan-Canadian and international initiatives.
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